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Executive summary 

Study  purpose 

This study will  provide the reader with an appreciation of the relative greenhouse gas (GHG) intensity 

of liquefied petroleum gas (LPG) and competing energy sources in the LPG stationary energy market 

in Australia. 

 

The study forms the GHG assessment component of a strategic piece for LPG Australia. It seeks to 

provide some insights into the position of LPG relative to primary competitors in each market, and 

position the LPG agenda within the climate change debate and potential community dividends from 

increased LPG use. 

 

The GHG impacts of LPG use in the LPG stationary energy market were assessed. The assessment 

was conducted across the primary sectors of LPG use, namely: 

 

Á the residential sector (including hot water, cooking and heating) 

Á materials handling (forklifts)  

Á remote power and distributed generation  

Á manufacturing and agriculture (process heat). 

 

Additional GHG assessments of other key energy sources were conducted within these sectors in order 

to determine the carbon competitiveness of LPG. 

Assessment  methodology 

The GHG assessment of the different market applications and energy sources was performed on a life 

cycle basis using the SimaPro life cycle analysis tool (SimaPro 7.2). The assessment included 

consideration of both upstream and downstream inputs for each application, thereby enabling 

assessment of the carbon intensity on a full life cycle basis. 

Summary o f  key s tudy  f indings 

Á LPG represents a carbon competitive solution in all of the stationary energy market sectors, 

offering significant GHG savings when compared with conventionally fuelled or electric powered 

systems. 

Á When considered on a GHG basis, natural gas delivers lower GHG emissions that LPG sourced 

from refinery operations but this advantage declines markedly for LPG sourced from natural gas 

processing. While renewable alternatives exist in the residential hot water sector they generally 

require some fossil fuels as supplementary power, and natural gas remains the lowest GHG 

intensive option for this. 
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Á Natural gas possesses a GHG emissions advantage over LPG at both the production and end-use 

stage of its life cycle where LPG is extracted from refinery production. 

Á It should be noted, however that the vast majority of LPG used in the stationary energy sector (i.e. 

around 90%) is sourced from natural gas processing which has a lower carbon intensity than LPG 

sourced from refinery operations. (LPG from natural gas reduces the GHG benefit held by natural 

gas at the upstream stage by approximately 13%, substantially increasing the carbon 

competitiveness of LPG used for stationary energy applications in Australia. 
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1 Introduction 

Following the completion in late 2010 of a strategic roadmap for the use of LPG in the automotive 

sector, Rare Consulting has been commissioned by LPG Australia to provide strategic guidance on the 

positioning of LPG and its use in stationary energy markets in Australia.  

 

This paper is the GHG assessment component of that study, and will provide the reader with 

information on the relative GHG intensities of LPG and other energy sources used in key markets in 

Australia. It will provide some insights into the position of LPG relative to primary competitors in 

each market, and position the LPG agenda within the climate change debate and potential community 

dividends from increased LPG use. 

 

The GHG impacts of LPG use in the LPG stationary energy market were assessed. The assessment 

was conducted across the primary sectors of LPG use, namely: 

 

Á the residential sector (including hot water, cooking and heating) 

Á materials handling (forklifts)  

Á remote power and distributed generation  

Á manufacturing and agriculture (process heat). 

 

Additional GHG assessments of other key energy sources were conducted within these sectors in order 

to determine the carbon competitiveness of LPG. 

 

GHG assessments were conducted on a life cycle basis, considering the emissions during both the 

production and combustion stages of the energy source use. Energy consumption data was obtained 

through a literature review process that provided an insight into the relative energy demands of each 

fuel source when used in the same application. This data then provided the basis for a life cycle 

assessment and comparison process, predominantly conducted using the life cycle analysis tool 

(SimaPro 7.2) and the associated Australian database. 

 

For each sector, the total life cycle emissions of each energy source (when applied in a relevant 

scenario) were compared in order to provide an insight into the GHG emissions of LPG relative to its 

competitors. 
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2 Study architecture 

2.1 Study  objec t ives 

The principal objectives of this study were to provide the reader with an insight into: 

 

Á the life cycle GHG emissions of all energy sources used in key LPG market applications 

Á the relative position of LPG when compared with competing energy sources. 

 

As there was no universal application and energy consumption figure for the range of LPG uses 

considered, the primary aim of the study was to provide a relative analysis that would allow for the 

positioning of LPG into the future. 

2.2 Study  methodology 

The study involved three key stages: 

 

Á determination of key energy sources used in the relevant application for each sector (e.g. 

electricity, natural gas and LPG for cooking in the residential sector); 

Á estimation of energy required from each source in order to provide the same outcome in the 

relevant application (via literature review); 

Á assessment of the GHG emissions arising during the production and combustion of each energy 

source as required in the considered application. 

 

Following completion of the above stages, a comparison of the life cycle GHG emissions within the 

sectoral application was made with key insights derived. 

2 .2 .1 Key  assumpt ions  and l i fe  cyc le  assessment boundar ies 

The determination of upstream emissions for each source of energy was conducted using SimaPro 7.2, 

which contains carbon intensity data on the production of fuels and electricity in Australia. 

Combustion emissions were determined using the Australian NGA factors workbook (DCC 2010) 

which provides an emissions factor per gigajoule of energy combusted. 

 

All energy sources were assumed to be representative of the Australian average stocks, as contained in 

the SimaPro database. The following key assumptions were made with regard to upstream emissions 

estimates for the different feedstock energy sources. 

 

Á ELECTRICITY. Electricity consumption was modelled as an average supply, composed of a range of 

coal, gas and renewable sources as per the Australian grid feedstock. 
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Á DIESEL. Upstream emissions for diesel were derived from the 2006 Australian average crude blend 

composed of 31.6% domestic crude blended with 68.4% imported crude (ABARE 2006). 

Emissions from crude oil exploration and extraction were based on figures for the 2006 

production year presented by the Australian Petroleum Production & Exploration Association to 

the Greenhouse Challenge Plus program (APPEA 2007). 

Á LPG. As per diesel, LPG upstream emissions were sourced from APPEA 2007. LPG production 

was based on Australian production figures of 3929 ML LPG from natural gas, and 1477 ML 

from refineries (ABARE 2010). 

Á NATURAL GAS. Like other fossil fuels, the SimaPro model derived estimates of the average 

emissions arising from natural gas exploration and extraction in Australia from APPEAôs 2007 

aggregated emissions data for sites submitted by APPEA members (APPEA 2007). 

Á FUEL OIL. Fuel oil was assumed to be sourced from Australian average crude oil feedstocks, being 

a domestic and imported oil blend. Refining emissions were based on APPEA (2007) refinery 

emission reports. 

 

Boundaries of the life cycle GHG assessments were the same for all energy sources, commencing at 

the exploration and extraction stages of the product and concluding at the point of use. GHG emissions 

associated with development of infrastructure or end of life of products were not considered by the 

assessment. 

 

Carbon networks displaying inputs and GHG emissions by input as well as total are displayed in 

Appendix A. Note that any input contributing less than approximately 2% to the total GHG footprint 

will not be displayed. 
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Compared with electric hot water systems, LPG hot water systems deliver a GHG saving in the 

vicinity of 60%. 

 

It should be noted that the GHG benefit of each technology differs depending on the climate of the 

surrounding region. For instance, heat pump systems are considered relatively inefficient in cooler 

climates, and resistive (boost) modes can be active for a significantly greater portion of time, reducing 

the quantum of GHG benefit cited above. In addition, the gas or electric boost required for solar 

systems will depend on the region and level of solar exposure. 

 

Nevertheless, zone 3 households represent close to the energy requirement for Australia (Atlantic 

Consulting 2011) and subsequently the results can be considered broadly representative although not 

necessarily definitive. 

3.1 .2 Cooking 

The majority of the Australian household stovetop cooking market is held by electric cooktops, which 

account for 56% of all household cooktops. Natural gas makes up the majority of the remainder of 

residential cooking appliances  with LPG cooktops comprising less than 8% of the total (ABS 2008). 

 

The above three energy sources were considered in determining their relative GHG emissions when 

used in a residential cooking application. Figure 3.2 provides a comparative assessment of the GHG 

emissions footprint of differing cooktops in the Australian market under a simulated cooking scenario 

ï i.e. bringing one litre of water to the boil from a base temperature of 20
o
C, a process requiring 

0.335 MJ of heat. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
F igu re  3 .2 

Res iden t ia l  cook ing  GHG emiss ions 
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As shown above, when compared with electric cooktops over the full life cycle, those cooktops fuelled 

by LPG produce between 45% and 65% less GHG emissions. Under the same application, a cooktop 

fuelled by natural gas would produce 15% less GHG emissions than its LPG equivalent. 

3.1 .3 Heat ing 

Electricity is the most common energy source used in space heating for Australian homes, contributing 

34.7% to all household heating, while LPG heating makes up just 2.4% and natural gas 29% 

(ABS 2008). 

 

There are a number of methods by which electricity and fuels are used in a space heating application, 

each with a different level of efficiency and GHG emissions. The study considered the annual GHG 

emissions of a range of convection heaters, as well as other key market players in the sector such as 

ducted and reverse-cycle electric heating systems (Energetics 2007).  

 

Figure 3.3 displays the results of the assessment, providing GHG emissions in kilograms CO2-e per 

annum. It can also be seen that LPG heating systems produce around a quarter of the GHG emissions 

when compared with electric equivalents over the full life cycle. This is with the exception of reverse-

cycle electric systems, which produce 17% more GHG emissions than LPG when used in the same 

application. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
F igu re  3 .3 

Res iden t ia l  hea t ing  GHG emiss ions 
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3.2 Mater ia ls  handl ing  ( fork l i f ts ) 

The materials handling market makes up approximately 14% of all LPG consumption in Australia and 

is divided into a number of types of vehicle; however, the study focused on the GHG emissions 

associated with forklifts. There are three primary energy sources in the forklift market in Australia: 

LPG, diesel and, more recently, electricity, which were all considered in the study. Compressed 

natural gas machinery is emerging, but it is very much in the early stages of development and does not 

hold a significant market share. 

 

The study considered the GHG emissions of forklifts powered by LPG, diesel and electricity based on 

the VDI 2198 test cycle and the associated energy requirements (Jungheinrich 2011). Data was 

sourced from manufacturer specifications and, although actual performance may vary, it was deemed 

that the relative requirements would not change. Owing to the significant impact that charge speed can 

have on overall efficiency, the study considered the emissions footprint of electric forklifts charged via 

a slow charge (95% efficiency) and fast charge (72% efficiency). 

 

The GHG analysis results are provided in Figure 3.4. The study results indicate that over the full life 

cycle LPG forklifts produce 3ï4% less GHG emissions than conventional diesel fuelled alternatives. 

Electric forklifts provide a 13ï15% benefit over their LPG equivalents, but only when charged slowly. 

Under a fast charge application, electric forklifts would produce 12ï15% more GHG emissions than 

their LPG equivalents. It is expected that an operatorôs choice of charging method would be governed 

by the available machinery and operational requirements, and it is subsequently not possible to 

determine a universal electric forklift emissions footprint. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
F igu re  3 .4 

Fork l i f t  GHG emiss ions 
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3.3 Remote power  and dis t r ibuted generat ion 

Remote and emergency power generation make up less than 1% of LPG consumption in the Australian 

market. Remote power systems in Australia are primarily used in domestic applications where 

connection to the national grid is not possible. In addition, mining communities may require remote 

power systems in order to power ancillary equipment, and standby generators may be used in order to 

protect from grid supply interruptions. 

 

The GHG footprint of remote power systems was assessed as a component of the study. Natural gas, 

LPG and diesel for remote electricity generation were considered, and the study modelled both 50 kW 

standby and 100 kW gensets and their associated GHG emissions. The energy use per hour of 

operation was based on manufacturer specifications when operating at 1500 rpm to provide 50 Hz 

output at 100% load (Energetics 2007).  

 

The results of the GHG analysis indicate that when compared with diesel alternatives, LPG for remote 

power generation presents the opportunity to reduce GHG emissions by 5ï9% over the full life cycle 

(Figure 3.5). Natural gas offers approximately 9% lower GHG emissions; however, in practice the fuel 

may not be readily available as a direct substitution for LPG or diesel. 

 
 

 
 
 
 
F igu re  3 .5 

Remote  power  GHG em iss ions 

  



G H G  L I F E  C Y C L E  A S S E SS M E N T  O F  L P G  I N  T H E  A U S T R A L I A N  S T A T I O N A RY  E N E R G Y  M A R K E T 

 

9 

0

0.02

0.04

0.06

0.08

0.1

0.12

LPG Fuel oil Natural gas

kg
 C

O 2
-e

 p
e

r 
u
n
it 

h
e

a
t 
g

e
n
e

ra
te

d

Point of use

Production

3.4 Manufac tur ing  and agr icu l ture (process  heat ) 

Combined, the manufacturing and agriculture sectors constitute approximately 39% of LPG demand in 

Australia. The majority of this LPG demand is in heat generation for a number of applications, 

although the energy demand for each application varies significantly. Owing to this variation, the 

study considered a universal process heat generation application within the manufacturing (e.g. 

incineration, drying, kilns) and agricultural (e.g. drying, space heating) sectors. 

 

Because of the varying nature of machinery and specific heat applications, it was only possible to 

conduct a relative analysis. The study therefore considered the energy requirements and efficiencies of 

different fuels in producing heat (Energetics 2007). The results indicate the relative GHG emissions 

per unit of heat generated (Figure 3.6). When used in an industrial process, heat application LPG 

provides an opportunity to reduce GHG emissions by up to 30% when compared with conventional 

fuel oil powered burners. Natural gas offers a 15% lower carbon footprint when compared with LPG, 

and a 40% lower footprint when compared with fuel oil. 
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Process  hea t  GHG emiss ions 
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4 Natural gas versus LPG production 

The results in Section 3 consistently suggest that natural gas possesses a strong GHG advantage over 

LPG. This advantage is predominantly explained by an examination of the emissions that occur at the 

point of combustion. Although both products share similar energy efficiencies when applied, as per the 

NGA factors, natural gas produces 51.33 g CO2-e/MJ while LPG produces 59.9 g CO2-e/MJ, close to 

17% more. 

 

However, natural gas also holds a GHG advantage in the production stage, as discussed below. 

4.1 Current  and projec ted ups t ream emiss ions  footpr in t 

In Australia today, natural gas releases 21% lower GHG emissions in its production when compared 

with LPG. This advantage arises primarily due to the current levels of LPG produced from refineries, 

an extraction process that is close to double the GHG intensity of LPG production from natural gas, at 

0.364 kg CO2-e/kg LPG produced versus 0.186 kg CO2-e/kg. 

 

However, as shown in Figure 4.1, forecasts suggests that LPG extracted from natural gas is likely to 

increase by approximately 40% over the next ten years, while LPG from refineries is projected to 

decline by close to 50% (LPGA 2008). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
F igu re  4 .1 

Pro jec ted  LPG sou rces  t o  2020 
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The net result of the above projection is a reduced GHG intensity for LPG products in the Australian 

market. The study has calculated that on a per gigajoule basis, LPG upstream emissions are likely to 

fall from 8.82 kg CO2-e (21% higher than natural gas) to 7.9 kg CO2-e (8.5% higher than natural gas).  

 

As natural gas is the only fossil fuel that is GHG competitive with LPG, the above is likely to place 

LPG in a better position in the future under a carbon constrained economy. 
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5 GHG comparison of stationary energy fuels 

The fuel and energy consumption assessments presented in Section 3 were used to derive the 

following key insights with regard to the position of LPG in stationary energy market uses. 

 

Á LPG assisted solar hot water represents the second most GHG positive option of the nine options 

assessed, being 88% less GHG intensive than electric storage systems. LPG storage systems 

represent an opportunity to reduce GHG emissions by 59% when compared with electric storage 

systems. 

Á When used for cooking, LPG is second only to natural gas as the most carbon competitive option. 

LPG cookers are approximately 65% less GHG intensive than conventional electric options. 

Á Residential heating fuelled by LPG represents the second least GHG intensive option of the six 

assessed. LPG heating systems provide the opportunity to reduce GHG emissions by 69% when 

compared with similar electric systems, or 23% when compared with reverse-cycle electric 

heating systems. 

Á When used in a materials handling application, LPG fuelled forklifts provide an opportunity to 

reduce GHG emissions by 4% when compared with diesel equivalents. Electric forklifts may 

present a 15% GHG emissions saving compared with LPG, or a 12% GHG emissions penalty if 

charged rapidly. 

Á LPG fuelled remote power systems are 6% less GHG intensive when compared with diesel 

equivalents. 

Á For the generation of process heat in the manufacturing and agriculture sectors, LPG provides an 

opportunity to reduce GHG emissions by 29% when compared with fuel oil. 
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6 Summary of key findings 

Analysis of the assessments conducted by the study gives rise to a number of key observations 

regarding the position of LPG in stationary energy markets in Australia. 

 

Á LPG represents a carbon competitive solution in all of the stationary energy market sectors, 

offering significant GHG savings when compared with conventionally fuelled or electric powered 

systems. 

Á When considered on a GHG basis, natural gas delivers lower GHG emissions that LPG sourced 

from refinery operations but this advantage declines markedly for LPG sourced from natural gas 

processing. While renewable alternatives exist in the residential hot water sector they generally 

require some fossil fuels as supplementary power, and natural gas remains the lowest GHG 

intensive option for this. 

Á Natural gas possesses a GHG emissions advantage over LPG at both the production and end-use 

stage of its life cycle where LPG is extracted from refinery production. 

Á It should be noted, however that the vast majority of LPG used in the stationary energy sector (i.e. 

around 90%) is sourced from natural gas processing which has a lower carbon intensity than LPG 

sourced from refinery operations. (LPG from natural gas reduces the GHG benefit held by natural 

gas at the upstream stage by approximately 13%, substantially increasing the carbon 

competitiveness of LPG used for stationary energy applications in Australia. 
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Appendix A 

SimaPro outputs for individual 
fuel assessments (life cycle basis) 
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Residential hot water 

Solar natural gas 

CARBON INTENSITY NETWORK (SIMAPRO 7.2) 

Á IPCC analysis method (100 year) 

Á kg CO2-e/annum 

Prepared for: LPG Australia  

Prepared by: Rare Consulting Pty Ltd, Apr 2011 
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  Residential hot water 

Solar LPG 
CARBON INTENSITY NETWORK (SIMAPRO 7.2) 

Á IPCC analysis method (100 year) 

Á kg CO2-e/annum 

Prepared for: LPG Australia  

Prepared by: Rare Consulting Pty Ltd, Apr 2011 
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Residential hot water 

Electric storage 

CARBON INTENSITY NETWORK (SIMAPRO 7.2) 

Á IPCC analysis method (100 year) 

Á kg CO2-e/annum 

Prepared for: LPG Australia  
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Residential hot water 

LPG storage 

CARBON INTENSITY NETWORK (SIMAPRO 7.2) 

Á IPCC analysis method (100 year) 
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  Residential hot water 

Heat pump (Australian average grid) 

CARBON INTENSITY NETWORK (SIMAPRO 7.2) 

Á IPCC analysis method (100 year) 

Á kg CO2-e/annum 

Prepared for: LPG Australia  

Prepared by: Rare Consulting Pty Ltd, Apr 2011 
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Residential cooking 

Ceramic induction 

CARBON INTENSITY NETWORK (SIMAPRO 7.2) 

Á IPCC analysis method (100 year) 

Á kg CO2-e/litre water boiled 

Prepared for: LPG Australia  

Prepared by: Rare Consulting Pty Ltd, Apr 2011 
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Residential cooking 

Electric 

CARBON INTENSITY NETWORK (SIMAPRO 7.2) 

Á IPCC analysis method (100 year) 

Á kg CO2-e/litre water boiled 

Prepared for: LPG Australia  

Prepared by: Rare Consulting Pty Ltd, Apr 2011 
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Residential cooking 

Natural gas 

CARBON INTENSITY NETWORK (SIMAPRO 7.2) 

Á IPCC analysis method (100 year) 

Á kg CO2-e/litre water boiled 

Prepared for: LPG Australia  

Prepared by: Rare Consulting Pty Ltd, Apr 2011 
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Residential cooking 

LPG 

CARBON INTENSITY NETWORK (SIMAPRO 7.2) 

Á IPCC analysis method (100 year) 

Á kg CO2-e/litre water boiled 

Prepared for: LPG Australia  

Prepared by: Rare Consulting Pty Ltd, Apr 2011 
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Residential heating 

Convection, fuel oil 

 

CARBON INTENSITY NETWORK (SIMAPRO 7.2) 

Á IPCC analysis method (100 year) 

Á kg CO2-e/annum 

Prepared for: LPG Australia  

Prepared by: Rare Consulting Pty Ltd, Apr 2011 

 



G H G  L I F E  C Y C L E  A S S E SS M E N T  O F  L P G  I N  T H E  A U S T R A L I A N  S T A T I O N A RY  E N E R G Y  M A R K E T 

27  

  

Residential heating 

Convection, natural gas 

CARBON INTENSITY NETWORK (SIMAPRO 7.2) 

Á IPCC analysis method (100 year) 

Á kg CO2-e/annum 

Prepared for: LPG Australia  

Prepared by: Rare Consulting Pty Ltd, Apr 2011 
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Residential heating 

Convection, LPG 

CARBON INTENSITY NETWORK (SIMAPRO 7.2) 

Á IPCC analysis method (100 year) 

Á kg CO2-e/annum 

Prepared for: LPG Australia  

Prepared by: Rare Consulting Pty Ltd, Apr 2011 
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Residential heating 

Convection, electric 

CARBON INTENSITY NETWORK (SIMAPRO 7.2) 

Á IPCC analysis method (100 year) 

Á kg CO2-e/annum 

Prepared for: LPG Australia  

Prepared by: Rare Consulting Pty Ltd, Apr 2011 
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Residential heating 

Reverse-cycle, electric 

CARBON INTENSITY NETWORK (SIMAPRO 7.2) 

Á IPCC analysis method (100 year) 

Á kg CO2-e/annum 

Prepared for: LPG Australia  

Prepared by: Rare Consulting Pty Ltd, Apr 2011 
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Materials handling 

Forklift, electric (trickle charge) 

CARBON INTENSITY NETWORK (SIMAPRO 7.2) 

Á IPCC analysis method (100 year) 

Á kg CO2-e/hour operation 

Prepared for: LPG Australia  

Prepared by: Rare Consulting Pty Ltd, Apr 2011 
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Materials handling 

Forklift, electric (fast charge) 

CARBON INTENSITY NETWORK (SIMAPRO 7.2) 

Á IPCC analysis method (100 year) 

Á kg CO2-e/hour operation 

Prepared for: LPG Australia  

Prepared by: Rare Consulting Pty Ltd, Apr 2011 
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Materials handling 


